Cross-linking of the gamma subunit of the Escherichia coli ATPase (ECF1) via cysteines introduced by site-directed mutagenesis.
The gamma subunit of the Escherichia coli F1 ATPase (ECF1) has been altered by site-directed mutagenesis to create five different mutants, gamma-S8C, gamma-S81C, gamma-T106C, gamma-S179C, and gamma-V286C, respectively. ECF1 isolated from four of these mutants had ATPase activities similar to that of a wild-type isogenic strain used as a control, the exception was enzyme isolated from mutant gamma-S81C, which had an ATPase activity of around 70-80% of the wild type. ECF1 isolated from each of the various mutants was reacted with N-(4-(7-(diethylamino)-4-methylcoumarin-3-yl))maleimide (CM). The fluorescent reagent was incorporated into Cys residues placed at positions 8, 106, 179, and 286, but not at 81, indicating which of these Cys residues are on the surface of the gamma subunit in the enzyme complex. Modification of the Cys at position 106 with CM activated the enzyme, and modification of the Cys at position 8 inhibited ATPase activity a small amount; however, modification of Cys at 179 or 286 had no effect on enzyme activity. The four mutants with a reactive Cys were reacted with tetrafluorophenylazide maleimides (TFPAMs), novel photoactivatable cross-linkers. In the mutant gamma-S8C, cross-links were formed between the introduced Cys on the gamma subunit and sites on the beta subunit. This cross-linking between gamma and beta depended on nucleotide conditions under which the photolysis was carried out, with differently migrating cross-linked products being obtained in ATP + EDTA compared with ATP + Mg2+ or ATP + Mg2+ Pi. Cross-linking between beta and gamma inhibited ATPase activity in proportion to the yield of cross-linked product. In the mutant gamma-V286C, cross-links were formed between the introduced Cys on gamma and the alpha subunit which were the same in all nucleotide conditions and which led to inhibition of ATPase activity.